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ABSTRACT

The primary function of development and testing of Army materiel
is to ensure that materie! scheduled for worldwide use satisfies
minimum operational, technical and safely requirements in all types
of environments and troop operational employment, Accordingly,
design and test criteria must provide factual bases for technical doc-
trine to support operational objectives and improved combat capability,

This research program provides such factual bases, It does so
by employing systems approach and operations analysis techniques
applied to a viable environmental situation to develop environmental
criteria and simulation methods, A model is developed that is devoid
of arbitrasy factors and is, thereby, realistic to natural environments
of field and storage {standby) operatioris, Systems concepts are used
to encompass the effects of multi-environmental complexes, Artificial
and psuedo-environmental concepts are removed so that better corre-
lation of laboratory testing with field performance is made possible,
Criteria developed by this research are therefore appropriately pre-
cise and accurate for liklihood, margin for error, and risk (uncertainty)
involved in the decision process,

Fundamentally underlining this research approach is the concept
that hardware failures are always sysmptomatic of disorder in a partic-
ular dynamic system, Emphasis is on the constructive method of re-
search wherein it is considered that an event is always the result of
an interaction of several coexisting factors, and that hazards are not
haphazard but exhibit patte 13 that can be identified, The event is
studied as a whole, then the operative factors are gradually sorted
out by a series of increasingly precise approxiinations, Overall re-
lationshirzs are maintained intact, correctly placed in relationship
with each other and held in contact, yet they are differentiated, The
net result is an ''up-and-down'' picture of nature's environmental
system and its effects on materiel performance, lrading to develop-
ment of realistic environmental criteria and simulation methods,
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FOREWORD

This report covers the statement of the problem, objectives, and
performance requirements for DA Project 1V025001A622, "ENVIRON-
MENTAL CRITERIA AND SMULATION METHODS RESEARCH, "' Program
Elemnent 6,21,50,0i.1, "ENVIRONMENT, ' Primary agency conducting
theae investigations is Frankford Arsenal, Philadelphia, Pa,

Supporting agencies have been USAMUCOM and USATECOM es-
tablishments {Picatinny Arsenal, Aberdeen Proving Ground, White
Sands Missile Range, YUMA Test Cenier, Dugway Proving Ground,
Tropical Test Center (Panama)), and Natick Laboratories,

Not-for-profit institution support has been Stanford Research
Institue and Soutwest Research Institute; university support has been
New Mexico State University; and contractor support has been American
Power Jet Company,
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INTRODUCTION

Nothing i® more frustrating to a land c ombat commander than to
have equipment failure halt his forward movement, Especially is this
true when he hias been informed that the equipment is most reliable, as
attested, affirmed, and reafiirmed by batteries of tests and certifications
by supporting services and suppliers, When it happens too often, any-
thing his suppliers tell him thereafter is critically and severely questioned,

Such is the situation in the Army today, Too cften, the command-
er and his staff planners are given "numbers,' called '"reliability, " which
are supposed to be all-pervading assurance that his troubles are over,
These numbers are expressed in such terms as "MEAN TIME BEFORE
FAILURE, ' or "PERCENT PROBABILITY OF PERFORMANCE AT
PERCENT CONFIDENCE LEVEL,'" What the commander wants is an
answerto , , . "WhenI send my troops out tomorrow to force ‘ob.
jective X,' will the equipment do the job?' Instead of getting "Yes/No,"
he gets the ''numbers'' with which he is expected, somehow, to ex-
tract his needed assurance, Then, on top of that, despite "high numbers"
given him, the equipment fails! No wonder the situation becomes
chaotic,

The commander needs & ""handle' he can grasp and use, Not
only that, the handle must have a label in his own '"language, "

It is well known that information about the conditions of the physical
environment is a fundamental requirement for practically all military
activities, Environmental conditions which exiat in any area of operations
have dominating influence on planning, on logistical support, and on
successful implementation, Furthermore, information about the con-
ditions of the physical environment required for the design and teating
of materiel must be determined by the probable conditions in which the
product will be employed, As a consequence, phases of design, test,
and evaluation must be based upon a model that is reasonable - one that
approaches reality; otherwise, results of testing and evaluation show
only that the design can produce results that are within the arbitrary
artificial conditions which were established,

Present ''reporting of reliability’ and the philosophy and status
of materiel design and testing as now practised by the Army, are

singularly based upon such ''artificial conditions,' As such, much
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grave uncertainty is prevalent in the "management of reliability' of
Army's materiel, It is svident that statistical inferences are invalid
because of unrealistic bases vn unrealistic models, as demonstrated
by field fatlures, Xvan 3o, it i3 inherent that the plinnes (as well as
the techaologiat) wants his materisl neither to fall nor to be overde-
signed,

In research, engineering, and test and evaluation of Army's wesp-
ons systems and munitions, snvirorrmental effects have been heretofore
treated as single environment probiems - one«at-a~time; &, g, , tem-
perature test alone; then hurnidity test; then salt fog test; then sand.
and-dust test; then ozone test; etc,

The real situation is that Army's operation weapons systems
undergo a multiplicity of environmental stresses, concurrently and
sequentially, Climate and use impose such conditions upon the soidier,
his weapons, and his supporting services, The environmental technol-
ogist has been aware of the ''real'' situstion, but has been unable to
eifectively cope with it because of the complex interaction effects caused
by multivariate multiplicities which were not completely understood
and could not be effectively described or simulated, Net result has
been the low-order correlation of design-teat criteria with the real
state of natural environmental effects,

" One=-by-one'' critaria for laboratory testing, and the attempt to
"fix' the situation by testing to psuedo.selection and arbitrary com-
binations of environmaents easy to perform have been judgement {actors
imposed for practical reasons, It is much sasier to count than describe
(and, preferably, one thing at a time) a commmon defect of statistical
analysis and reliability engineering, Reality of the environmental
situation, however, poses & cnmplex of environments in an interactive
situation,

What is needed is a way to "handle’ the interaction effects of more
than one environmant, heretofore mostly urdefinable (and, thus, un-
statable) because of the compiexity, A 'key' is missing, The equip-
ment developer and the environmental specialist have done the best
they could with what knowledge they had and could understand, In the
meantime, equipment failures have been prevalent in the field of
operations, As a result, authenticity of reliability and confidence
ratings have been t .versly questioned by the user. Arbitrary rerating
and backing-off have not solved the problem,

!
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DISC USSION

The research method developed in this report and the results
obtained thereirom will supply the miissing "key" to the environmental
criteria and simulation methods problem, It considers the physical
environmental situation to be & casusl behavior situation, Fundamentally
underlining this situation is the considcration that hardware failurer
are always symptomatic of disorder in a particular dynamic aystem,

The explanatory model is that there i8 an environment composed
of several coexisting factors whereby any or all of the factors can
affect susceptibility to change in performance characteristice or the
potency of the agent causing the change, In other words, one environ.
ment can or does affect another environrment, and it is the agglomeration
of all environments that affects equipment performance, The central
problem, then, becomes one in which relevant interrelated and inter-
acting variables need to be identified and central relationchips quantified,

The physical environmental situation, therefore, is one in which
there are multivariate aspects of multienvironmental elements, a
probability that such aspects occur, and the power of effects when they
occur together, In such a complex situation, the most powerful tool
tlat can be uaed is operations anaiysis - the system concept of ., , .
input-transform-output, ., . which, by its nature, is pervasive in
awareness of interrelatedness interwoven between several inputs,
between inputs and outputs, and between transformation functions and
effectiveness of output,

When operations analyses techniques are appliad to the physical
environment situation problem, it is found that there is a synoptic
situation that clearly indicates a taxonomy of climates enveloping only
significant elements which can be clearly defined. Furthermore, when
these '"climates' are considered as sets, and the significant climatic
factors as elements of the sets, then any treatment of the set, of neces-
sity, includes treatment of interactions and synergism of the elements
of the set,

Thereupon, the environmental situation model {or Army materiel
is a ''climate' consisting of no more than six significant environmental
factors which are: (1) temperature, (2) humidity, (3) precipitation,

(4) wind, (5) contamination, (6) radiation, Using this model as a means-
end schema, problem areas are then clearly pointed out and problem

3
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requirements and solution requirements clearly defined, which could
not be done before, As a result, ambiguity has been obviated for the
technologiat and he can "see' and inciude the significant and necessary
interrelationships and interactiong, Thus, the criteria and t2gt math-
ods developed therefrom can only produce high correiation with actusl
fiel¢ operational and storage {standby)} conditions,

As a result of this research, design and test critsria developed
therefrom will provide: factuzl basis for techaical doctrine, as appro~
priate; verificatior of reliability and maintainsbility; assesment of
quality; and identification of requirements to support operational ob-
jectives, Furthermore, criteria will be in terma of objectives and
will be appropriately precise and accurate for evaluating the liklihood,
uncertainty, and margin for error, necessary for the decision process
and deliberate appraisal of hazard, In addition, the format is suitable
for computerization,

An a result of this research approach, it is also demonstrated
that system engineering of the problem can be used to "‘manage'
applied research objectives of non-hirdware programs as well as
hardware programs,

RESEARCH OJJECTIVE

Program objective is to transpose natural climatic effects and
influences upon performance of military materiel into realistic criteria
for design and laboratory environmenial testing, Specifically, it is
to develop realistic criteria, test methods and test procedures that ad-
equately correlate with actual climatic field operational and storage
conditions, As such, it is to preclude repetition of past judgment
errors that have required ''fixes,' and have contributed to limiting
military operations in geographic areas of concern, Furthermore, it
is to establish greater confidence that Army's materiel does, in fact
conform with its reliability rating and other specified military chur-
acteristics (such as physical, operational, functional, environmental,
maintenance, and safetv requirements),
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RELEVANCE

This research program is in direct support of Land Warfare
Operations in accord with established Combat Development Objectives
Guides, Furthermore, the program is in direct support of Southeast
Asia and any other potential geographical opsrational areas of concern
through maintenance and improvement of Army's land mission read-
insss and combat strategic advantage, and complements supporting
research to vehicle mobility, equipment engineering, applied research
projects, and national and international military standardization,

Recognition of need for such information is established in Army
reguiatory documents, emphasized particularly by requirements of
AR 70-10, "Army Materiel Testing;' AR 705-5, "Research and
Development of Materiel;” AR 705-15, '"Operation of Materiel under
Extreme Conditions of Environment;'" and AR 705-25, '"Reliability
Program for Materiel and Equipment, "

Essence of the research is directed to need for improvement in
communications with the military logistician and operations planners
regarding materiel environmental capability and capacity, ease of
maintenance, and reliability aspects, Scope of this research is also
related to such standards as MIL-STD 210A, ""Climatic Extremes for
Military Equipment, ' and MIL-STD 810B "Environmental Test Methods
for Military Equipment, "'

The program is particular > 1e needs of Army for mission
accomplishment in armament and 1 .unitions aspects of land warfare
operations in accord with the following Combat Development Objectives
Guide {CDOG) references: CDOG 111b (3) - "Land Warfare Operations,
General Organizational Objective;'' CDOG 112a (2) ~ 'Land Warfare
Operations, General Materiel Objective, Basic Consideration;' and
CDOG 210a - "Infantry Operatione, General Operation Objective, '

This research program also supports and complements other
Army research, development, engineering, ar.d standardization ac-
tivities; sucl as: vehicle mobility; equipment engineering, development
and design; applied research projects; and related natior.al and inter-
national standardization activities, The appendix includes a list of
such support, *

*This research progrzm also supports and complements the National

civilian effort in combating corrosion, pollution, and other degrading
effects ol the environment, 5
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ELEMENTS OF THE PROBLEM RE
MILITARY OPERATIONS

Forde and Schierbrock® stated that , . . , "Information on the
conditions of the physical environment is a2 fundamental requirement
for practically all military activities, The conditions which exist in
an area of operations can have a dominating influence on the planning
of proposed operations and for logistical support which must be sup-
plied,'" Thus, plans for personnel, supplies, equipment, organization
and training, movement and combat, as well as the design and test of
materiel, tactics, and techniques, have to be based on information
concerning the conditions which may be reasonably expected during
combat operations in the selected areas,

Furthermore, it was stated that "Information on the physical
environment which is required for the design and test of materiel,
tactics, and techniques must be determined by the probable conditions
in which the product will be employed, A certain degree of general-
ization is possible, yet reasonable limits must be established for the
conditions with which the product must cope, The phases of design,
test, and evaluation must be based upon a model which is reasonable
and one which approaches reality, Otherwise, the results of testing
and evaluation show only that the design can produce results within
the artificial conditions which were established, '

Present status and philosophy of testing and design, and the re-
porting of reliability, as practised by Army today, are singularly
based upon such artificial conditions, .

It is necessary to recognize that determination of significant
elements of the physical environment for the military user requires
two parallel studies conducted simultaneously - one, of the conditions,
effects, and influences of the environment, and the other, of the
component elements and activities of the military actions which are
affected by the physical environment, Points of contact of the two
studies occur in the consideration of effects and infl' :nces, the se-
lection of items of significance, and in the establishment of methods
of measurement and presentation of the environinental information,

*¥See Item 1, BIBLIOGRAPHY,




Study of physical environment establishes elements and char-
acteristics of the factors of terrain, climate, and vegetation, Sub-
sequently, effects which are produced by these characteristics, oper-
ating both singly and in combination, must be identified and a method
devised to measure their significance and intensity at various scales
or degrees of generalization, The system of classification and the
methods of measurement must be useful to all levels of the military
activities for both operational employment and in research and develop-
ment of materiel and method, Fu#thermore, the system of classification
as a communicative device must avoid contributing irrelevant informa-
tion (noise) that masks significant features,

Study of effects and influences of environmental conditions upon
military activities needs to be based upon analyses of military functions,
tasks, and activities, Each component is investigated in terms of need
for information on environment essential to the success of t'e partic-
ular military action, In this manner, identification is made f those
elements and characteristics of the physical environment which are
significant to the specific military activity or task, Test of the system
of classification and measurement of characteristics and effects must
be a continuing and concurrent activity to ensure suitability of the system
for military use,

After establishing the elements of military functions, tasks, and
activities, the investigation of environmental influences must be made,
An immediate problem is encountered because of the differences in
specific environmental qualities, as stated by the environmental
specialist and by the military user of the information, The elements
of the physical environment are usually measured and expressed by
the environmental specialist in a form suitable for numerical recording,
while the military user expresses the environment in terms of features,
or combinations of environmental elements,

However, this disparity is not unresolvable, since each of the
features can be described in terms of one or a combination of char-
acteristics, At the present time, work has not progressed sufficiently
in direction, definition, or content to permit transition from environ-
mental characteristics to statement of the feature which is of importance
to the military user, What needs to be done is to translate environ-
mental characteristics into related terms affecting combat effectiveness
and mobility, and into value engineering and value analysis of materiel
as a component of an integrated system, By these means, then, there
will be no conflict in terminology and classic sequence of action in the
military process of estimating the situation, decision, development of
a plan, and implementing the planned action,

7




ELEMENTS OF THE PROBLEM
FOR THE ENVIRONMENTAL SPECIALIST

Army's land warfare mission is logistical as well as operational,
The environmental specialist has tc be aware that he is a purveyor of
information that is to be usable for decision-making in tactical situa.
tions, Thus, in ordar for him to gain better knowledge about the de-
gree of predictability, controllability, and damage effects of the en-
vironment, it is most appropriate for him to study the features of the
environment with a two-prong attack: (1) the properties of the environ-
ment, and (2) the effects of the environment,

Environment, by definition, must be considered to be an ambient
condition. As such, it is appropriate to consider the accomplishments
of other "environmentalists,' such as in biology, human behavicrism,
cybernetics, and systems engineering, The most cogent aspects to be
aware of are that there are coordinative relationships involved where
there are interacting and interfacing situations, and that total effect
is not a simple summation of parts,

Natural environmental-effects approach has to differentiate and
be particularly precise about effects caused by surrounding conditions
that may pervade, but are not inherent within -~ or caused by - the
artifact itself, Considering climate to be a special grouping, or class,

of environmential properites (e,g,, tropical, as warm-humid; desert,
" as hotedry) is valid for the military planner as long as the climate
{class) has been sufficiently defined by its elements (e, g., temperature,
humidity, rain, snow, wind, sunshina, etc,),

Evaluation based upon singular effects of the individual elements -
one-by-one or in some psuedo-combination - is invalid because of
exclusion of interaction effects, Chamber testing under single environ-
ments, coupled with statistical plotting and analysis, has been of little
help, Synergetic synthesis and simulation are powerful methodologies
for attack of the problem of interactions, especially when the model
is climate as a class (set)., When doing this, consideration must be
emphasized about man's interference and effects on a climate; i, e,,
his manipulating and altering relationships with susceptible environ-
mental features, Also,one must not iorget shock and vibration inputs,
such as caused by travel across rough terrain, firing stresses, and
explosion ambients in combination with climatic factors,

8
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Thus, for the environmental specialist, the features of the
natural environment encompass two particularly pertinent differenti-
ations; i, e,, determination and definition of environmenta. (1) char.
acteristics as elements of & class (set) considered as a climate; and
{2) effects as coordinative aspects of a multivariate sitwtion, Further-
more,the fsatures must fit the situation of evaluating capability rel-
ative to requirements for military activities in terms of expectation
and risk, Such a fit, then, makes it possible to establish correspon-
dence between possible cutcomes of the situation and possible decisions
to be taken relative to risk involved,

What is needed is a definition of criteria, in terms of the ambi-
ents, that will have effect on equipment performance needed for mil-
itary activity, and the performance rating of the equipment relative to
those same criteria, As such, then, the physical environmental cri-
teria must be presented as features in terms of what the military planner
can use, specify, and evaluate for his needs as a better way to utilize
environmental science and technology in the national interest because
it is a more useful description of the environment,

In other words, the environmentalist's approach needs to be
changed from a '"two-het' to a ''one-bet'' situation, "If the danger
comes, I bet that I can handle it," is & one-bet situation, "If the
danger comes, I bet that I can handle it, but I also have to bet that
the danger has low probability,' is a two-bet situation, The latter
statement puts the operations planner at a disadvantage in terms of
preparation = the position he is in now relative to environmental cri-
teria and equipment performance,

RESEARCH APPROACH

Focusing The Problem Onto Effects (The Model)

Explicitly, there are multivariate aspects of multienvironmental
elements envoloped in an environmental situation, Coupled with these

9




are the aspects of probability that individual environmental slements
accur and the power of effects when they occur together, In such s
complex situation, a powerful tool that can be used is Cperations

Analysis - the system concept of . . , input-transform-output, , ,process
- which is pervasive in awareness of interrelatedness interwoven be-
tween the several inputs, between the inputs and the outputs, &nd be-
tween the transformation function and effectiveness of outputs,

It i» most helpful in all problem-sclving situstions to diagram
the situation, Figure ] is such a diagram which is a fundamental
picture of the overall environmental situation,

System-problem-solving techniques formally encompass the
following requisites:

(1) Indentification of variables,

7 {2) Development of relationship between variables (modeling),
(3 Preparation of an appropriate data base,

(4)  Use of an algorithm, *

It is obvious from these requisites that there is a definite ordering
of events,

The problem situstion is such that there is a climate conasisting
of an envelope of natural environmental factors of the natural ambient
condition, Conceptuslly, the envelope is depicted in Figure 2 with the
eavironmental iactors in generic classification,

Because there is & two-way functional relationship between
factors of the environment and effects of ‘he environment, mapping
techniques are appropriate,** Such a map is Figure 3, which con-
siders each extreme climate to consist of an envelope of elements

———

*The assumption is that algorithmic methodology uses step-bhy-step
rules of procedure to attain final solution,

**The notion of function is an extremely useful one in science, Map-

ping is synonymous for 'function'' and describes the function,

10
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Pigure 2, Environmental Envelope of a Climate

which are defined as specifics at level #2, As such, Figure 3 isa
model of the situation,

Logic of this model is such that environmaentsl information
{requiremaents) "E' consists only of the significant occurrence and
definition of the features of the environment that must be considered,
Fundamentally, it states that features cannot be defined until (1) cli-
mate has been categorized; (2) elements of the climate have been de-
fined in their severities; and (3) comhined and sequential effecte of
the elements have been assayed,

Mathematically, the logic is expressed as follows:

Level #1, All E}j are mutually exclusive: i, e, ,

[ .
Enmzlz 'E\ 3 = ¢ nul set,

Level #2,

i,e,, set of all admissible elements,

12
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Level 43,
t
E:u = a) \ij ch « o @ Oszj

where &3, bj, ¢} . . , are single environmaents, such a» temperaturs, .
humidity, stc.

Lovel #4,
— — .
EyC By -Ey 5, ‘

i.e., the event E4j implies the event E:ﬁ occurs; the event E3j implies
the event E2; occurs; the event E2 implies the event E)j occure,

Level #5,
E=Ey UE«?. UE43

i, ., the event E occurs whenever either the event corresponding to

E4], the svent corresponding to E42, or the event corresponding to
E43,» or any or all occur,

e A v Lt

_ Such is the means-ends schema, Objective effort is to be com-
1 prehensive of the following facets,

Facet #1, Definition of the ''real"” environment is to be ane that in-
cludes only those significant environmental factors and ranges that *
comprehand a3 mutually exclusive situation, called a climate, which

distinguishes it from any other climate, !

Facet #2, Refinement of environmental factors of a climate into
criteria that comprehend effects as complex featuras involving multi-
variate interactions,

EIRpAEPE S 4

Facet #3, Comprehending eavironmental sffects with squipment,
thareby traneposing effects criteria into spacifications and standards
for enginsering and laboratory simulation and teast procedures,

Facet #4, Comp:rehending environmental effects with squipmaent,
thereby transposing effects criteria into features that can be developed
into decision criterin and decision requirements; e.g., transposing

a measurement number (e, g, , reliability) into a decision factor,

14
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Focusing the Problem into Tasks

Because of the complexity of the environmental problem and
involved facets, there is need to reduce the problem to a finite se-
quence of sub-problems as tasks, The reduction procedure, in part,
hasg already been accomplished in the development of the model
{Figure 1) and follows the model., In esgence, the reduction is into
four groupings of tasks, which are: (1) ¢limates, (2) elements, (3)
combinations of elements, and (4) consolidation into criteria,

Climate Tasksa

Because Elj (Figure 1) is mutually exclusive, it follows
that each clirmate, therefore, is a separate task, as follows,

Task Definition
Polar and Arctic {El l}
Tropical {EIZ}
Arid-Desert {E”}

Temperate climate is not considered because of lack of severity in
its elements and combinations of elements,

Element Tasks

Elements of the classes (climates) {E“}, {Elz}, {E”}
could be considered as subtasks under the general tasks, however,
it is more desirable to consider them as separate tasks, as explained
in Figure 4, which is a matrix as an array of elements of each climate
qualitatively arranged,

The parameters of temperature and humidity are inter-
related and specific to a climate (e, g,, low temperature with low

humidity perculiar to Polar Arctic; high temperature and high humidity

15
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peculiar to Arid-Desert; and moderate cemperature and high humidity
peculiar to Tropical), Also, .n terms of greater severity, snow is
unique to Polar and Arctic, and fungus is unique to Tropical regions,
respectively, Such uniqueness is not true of other elements, For
instance, sunshine and ozone are prevelant to all climates, Then
thare io the causal eituation where one element is caused by another;
€.§., sand and dust caused by wind; ozone caused by sunshine, Also
there is the situiktion whereby there can be either rain or sunshine,
but not both toguther, In other worde, because of such situations
and/or characteristics, separate tasks should be assigned to research
of the following elements,

Task ~ Definition
Sunshine element aj of Ep;
Rain element bj of E2;
Ozons element cj of E2j
Sand and Dust element dj of E;

. Combinations of Eleimnent Tasks

"The matrix arrangement (Figure 4) also points out possible
interaction effects caused by combinations of eavironmental elements
of a climate, In funciional forin, the possible combinations are made
up of at least four elements in interaction at any time, in at least
two different situations that could have a different order of severity,
as shown in Table I,

Because of thie multivariation of effects of multiple

elements, it follows that a separate task should be made of the
fonmng.

Task Definition

Combined and Sequential

Environments

17




Table I, Combinations of Elements in a Climate
(E3j for E”)

Fu By
; Polar and Arctic Effects £ (e, €1r g ey}
; OR

f2 (e¢s e 050 gq0 o)

Tropicsl Effects f1 (e, ehy ©y, Oy, 9f)
OR

£y (er, €15 €50 Coqe Oy, o)

_Arid-Dourt Effects fl {er, enh, 25, Cag ew)
OR
f2 (ot, en, €44, oy)

W fy

‘ where! } = function of
f2
o¢ = fungus effect
o = humidity effect
eg 3= ozone sffect
e, = rain effect

eg = snow effect

sand and dust effect

Oad

sunshine effect

g1
e; = temporsture eifect

ow = wind effect,
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Consolidation into Criteria Task

Finally, because E (Figure 3) is inclusive and compre-
hensive of all {eatures (criteria) of E it consolidates information
engendered as & totalizing effect for edch climate Fy. and for all
¢limates E};, therefore E is 2 separate task as {ollows,

Task ' _pefinition

Environmental Information
(Catnrloging and Dissemination) E

In addition, in connection with E but not wholly E, there
is requested support to the Army Engineering Handbook Series,
Input will consist of environmental engineering information attained
by this research program and assigned as a separate task,

In summary, Table II lists the tasks in an &rbitrary order
to accommodate the program,

Table I, Tasks to Accommodate Environmental Criteria
and Simulation Methods Research

Task Number and Title Identification to Model (Figure 3)
Polar and Arctic Test
Procedures Level #1 {Ell}
Ozone Test Procedures Level #2, element of EZj
Sunshine Test Procedures Level #2, element of E3;
Rain Test Procedures Level #2, element of EZj

Sand and Dust Test Procedures Level #2, element of Ep;

Al
Tropical Test Procedures Level #], iEIZt
Development of an Environ-

mental Information and
Cataloging System Level #5, E

19
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Table I, (Cont'd)

Task Number and Title Identification to Model SFi‘uro 3)

Effects of Combined and

Sequantial Environments Level #3, E3j
Army Environmental Hand-

book Series Related 10 E
Arid-Desert Test Procedures Level #1, {El 3}

Focusing Ressarch Tasks into Performance

Svetern procedure is not only useful because of the complex
interrelationships that can be handled, but also for technical review
and technical fiecal reporting and evaluation, anditis especially rel-
evant to Policy Evaluation and Review Techniques (PERT) method-
ology, Accordingly, the following algorithm (Figure 5) is designed to
comprehend performance for each task and the total program,

State Problem (I), The statement of the problem consists of
the input of the input-transform-output system process, and it is to

cover objectives and relevance of the particular task on hand, Par-

ticularly significant at this step is that it be firmly established that
there is & problem, that the problem is unique, and that it exists
as affirmed by its varidus elements.

Examine "Real'' Environment (II), At this point the factors
of the ''real' environment are to be established, where the real
environment is to consist of those elements and/or interrelations
of elements that are known and established to have effects on equip-
ment performance, Effect is to imply not only degradation, but
also improvement,

Restate Problem in Terms of ''Real'' Environment (IlI); This
is the modoel building point whereby there is description of the

20
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STATE PROBLEM

S

o
’
/ EXAMINE
! WREAL'
ENVIRONMENT

\\\“ﬁ
RESTATY PROBLEM

IN TERMS OF
"REAL" ENVIRONMENT

REF INE
DATA INTO
CRITERIA

TRANSPOSE CRITERIA INTO
FEATURES, PROCEDURES
SPECIFICATIONS AND STANDARDS

Figure 5.

I.

II.

I1I.

VI.

VII.

Algorithm for Program Performance
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situation in only essential features, in order to filter out "noive'
from cbacuring the problem, Mathematical description will employ
set terminology, wherein it will be established that the set S {climates)
consists of & body of properties dividing Sinto subseta, &nd Thaving a
measure function for any set so obtained and a probability density
function,

Establish Performance Requirements (IV), This is the point
of postulation wherain hypotheses are established and method de-
signated and wherein questions can be answered inconformance with
the model of the situation, Task performance relative to an entire
set (climate) or an elemaent of a set are to have points of overlap
and points of interrelationship, Scientific inference and design of
experiments, as two powerful tools, will be established for require-
ments,

Acquire Experimental Data Base (V), Data are to be acquired
from several sources, such as established creditable macro- and
micrometeorological natural environment information, published
in the scientific literature as natursl environment data, Where there
are gaps in the information, field and laboratory measurements will
be &cquired to establish data relative to natural characteristics and
offecta,

Refine Data into Criteria (V1), Analysis of data will result in
an environmental envelope for each climate, This envelope will
consider and be shown in probability density format, expressed as
mean/median and peak values and degree of expectation. Also,
where baseline data trends and evaluation clearly indicate empirical
relationships, such relationships will be pursued to develop curves
with deterministic properites, Furthermore, where criteria have
been developed, they will be tested in the environmental laboratory
to establish facilities design criteria and to esiablish and test sim-
ulation methods,

Transpose Criteria into Features, Procedures, Specifications,
and Standards gVII]. Technical interim and phase reports will be
published to disseminate the criteria as information to engineering
and planning communities, Further imparting of the information

22
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will be through participation as members of standing and ad hoc
committees for review and modification of Speciiications, Standards
{such az MIL STD 810, "Military Standard for Environmental Test
Methods for Aerospace and Ground Equiprment'’), and Army Regulation
{such as AR 705-15, "Research and Development of Materiel, Operation,
of Materiel under Extreme Conditions of Environment"), and the like,
There also will be inputs into the Army Environmenta}l Handbook Series,

Ags part of the transposition of the criteria, the criteria
will be put into & useful form adaptable to cataloging and dissemina-
tion in an information systern that will fit the requirenients to answer
questions and correlary questions of the military operations planners
and logisticisns, In all aspects, transposed criteria will be suitably
precise and accurate to base technical and operational decisions that
entail likely occurrence, margin for error, risk of failure, and be
suitable for computerization, It is inherent that the military planner
(as well as the technologist) wants niateriel that will neither fail nor
be overdesigned,

This ulgorithm applies ejually to performance of each individual
task and to performance of ths overall program, Ferformeance at
these two lavels will have several points of contact &and will overlap,
Technical reporting will be cognizant of such situations and will be
accomplished where significant information will be ynoat useful,

- Figure 6 is 2 matrix which shows the interwoven and interrelated
points of contact, Tasks are grouped as follows: those in the left
column are climates which contain all the relevant elements, those
in the right columns are either elements of a subset of one or more
climates, or are operations on the set and subset,* Rows are the
performance procedure,

Using the Figure 6 conception, then, progress and status of
performance can be recorded, reported upon, and evaluated for
each block (and each row), where each block, thus, includes the
interrelationships, and each row the mode, Thus blocks and rows
are checkpoints, Therefore, Figure 6 becomes the heuristic and
modus operandi to follow for both management and technical per-
formance of the Environmental Criteria and Simulation Methods
Research Program,

*Set is a climate that includes all elements of the environmental
envelope; subset includes only those elements that are specifically
designated a» unique tasks defined on page 15,
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MANAGEMENT OF THE PROGRAM

Technical Managerment

Technical program reviaw and analysis can be accomodated by

using the matrix of Figure 6, The chart comprehends the entire pro-

gram, as well an the step-by-~step procedure of component tasks,
Interim progress is exhibited by ¢stablishing percent completion of
each of the individual blocks, Total interim progress is exhibited
by summation of all of the individual blocks in the rows and columns
of the area of intereast,

For example: FEvaluate each block to b2 a total possible '], 00"
when 100% completed; then 35% completed will be equal to , 35, 50%
completed, .5, etc. If, for instance, blocks I, 1, and lII have been
completed for the Folar and Artic-Ozone part of the program, but
block LV is only 35% completed, block V is 50% completed and blocks
VI and V11 still remain to be accomplished, then progress for Polar
and Arctic-Ozone part of the program is -

Block I 1x1-= 1.00
Block 11 1x1l= 1.00
Block I Ix1l= 1.00
Block 1V .35x1 = 0, 35
Block V Sx1l = 0,50
Block VI O0x1! = 0,00
Block VII O0x1= 0,00

Total 3,85

Total progress of the Polar and Arctic-Ozone part of the program
would then be 3,85/7,00 = 55% completed,

Likewise, if there has been no performance yet for four of the
tasks of the Polar and Arctic part of the program, then total progress
for Polar and Arctic - all parts -« would be exhibited by adding all of
the blocks and dividing by 2B; in this example, 3,85/28, or 13% total
completion,
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Progress for the total program matrix can be evaluated in the
same way,

Cost Managamaent

In previous budgetary estimates and command schedules sub-
mitted, especially in FY 60, 61, and 62, the total program estimate
was 50 to 80 man-~years of scientific and engineering effort, Break-
out of this estimate is shown in Table 101,

Table III, Estimate of Manpower Requirements

Manpower Requirements

(man-years)
1, Polar and Arctic Test Procedures 4to 7
2. Onone Teest Procedures 6to 8
3, Sunshine Test Procedures éto 10
4, Rain Test Procedures 4to 6
5. Sand and Dust Test Procedures 3to 6
6, Tropical Test Procedures 6to 10
7. Eavironmental Information and

Cataloging System 8tol2

8, Effects of Combined and Sequential
Environmaents Btol2
9. Army Environmental Handbook Series ito 2
10, Arid<Desert Test Procedures 4to 7
Total Program 50 to 80

Sixty-five man-years is the midpoint for total program re-
quirement, However, to use this as & norm for evaluating

26
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performance is unwise, It is well known from experiences that logistic
and hardware development cost functions (i, e, , cost ve performance)
are nonlinear, Espeacially in this true about research projects where
it is better to base the cost of research performance on a range of
input valuens,

Table IV is a breakout of estimated manpower and performance
data for this research program which accomodates a range of values,

Table IV, Coat Assessment and Performance

P

el

e T Py - o . -y T

% Labor % Expected
- Expended Progress
Man-years Range Midpoint Range Midpoint

2 2- 4 3 2- 6 4
4 4- 8 6 4. 8 6
8 8- 16 12 5« 13 9
10 12. 20 16 8- 14 11
15 18- 30 24 11= 19 15
20 25- 40 32 15- 25 20
25 31- 50 40 28- 34 31
30 37 60 49 32- 40 36
35 44- 70 57 33- 42 36.5
40 50- 80 65 35~ 49 37
45 56~ 90 13 39- 53 46
50 63-100 81 58. 70 64
55 69-100 85 59- 76 67
60 75-100 87 59- 77 68
65 81-.100 91 65~ 81 73
70 87-100 94 72- 84 78
75 94-100 97 84- 90 87
80 100-1C00 100 98.100 99

Figure 7 is the program cost function urve derived from the
date in Table IV, This curve is the cost function Y = {(x) {rom which
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prograns c&n ve evaluated, The abscissas are psrcent of program
completed, and the ordinates are percent of total manpower used,
This curve can be used to control (or estimate) performance.,

Aws can be seen from Figure 7, the curve is undulating convex-
concave, The beginning of the curve shows the cifect of the "learning
curve" situation, The heavy line curve is atypical to most cost func-
tion curves because it shows intuitive projection of research ''stag-
netion" periods, or breakdown in rate of progress; i, e, , deviations
from the smooth ''growth' curve are to be expected, Such periods
are phenomena encountered in all research and need to be encompissed
in estimating requirements {resources) to accomplish a research
program and review of progress made, In this research program, the
stagnation periods are expected to occur about 1/3 and 3/5 of the
way through the program,

The broken-line section (Figure 7) shows a smooth overall
curve, typical of a logistical cost function curve,* which can be de-
#cribed in the form of a power function curve, as -

Y = K
x+eA+BX+CX1+...

or as a polynomial curve, as -

Y=A+Bx+CXe+DX34.,...
However, because of the atypicai stagnation periods encountered

in research, it is illogical to formulate such smooth curves initially

from the estimating data, Nonetheless, as the project proceeds, a

smoothing out procedure may -be possible,

¥See, for instance, ''Formulating Analytical and Technical Estimates, "
(item 2 in the Bibliography).
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CONCLUSIONS

As stated, the research method deveioped in this report and the
results obtained thereform supply the missing "'key' to the environ-
mental criteria and aimulation inethod problem, It considers the
physical environmental situation to be & casual behavior situation,
Hardware failures are always symptomatic of disorder in & partic-
ular dynamic system, Oneenvironment can or does affect another
environment, and it is the agglomeration of all environments that
affects equipment performance,

The design and test criteria developed as a result of this re~
search provide: a factual basis for technical doctrine, as appropriate;
verification of reliability and maintainability; assessment of quality;
and identification of requirements to support operations objectives.
The criteria will be in terme of objectives and will be appropriately
precise and accurate for evaluating liklihood, uncertainity, and ’
margin for error, necessary for the decision process and deliberate
appraisal of hazards, The format is also suitable for computerization,

It is also demonstrated that system engineering of the problem
can be used to "manage" applied research objectives of nonhardware
programs as well s hardware programs,
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APPENDIX
PROJECT SUPPORT
or
ARMY BESEARCH, DEVELOPMENT, ENGINEFRING, AND STANDARDIZATION ACTIVITIES

Ralation to Development and Enginesring

This project definitely supports Applisd Research Category Projects
6.2, 6,3, 6.4, 6.5, and 6,7, concerned with vehicle mobility, equipmsnt
enginsering and development, including design, It supports

Elemsnt 6.21.29.01.1 - Miseiles
Blemsnt 6.21.41.0.1 - Combat Support

Element 6.41.33.26,1
Element 6.51.02.06.1
Project 1V027011A045

Gesneral Combat Support

WS Missile Range

Vehicle Mobility under Adverse 8Soil
Conditions

= Ground Mobility Research

; L Project 1X332101D253 - DCSP Ground Environmsnt

; : Project 1P650212D620 - Munitions Effect Support

‘ Project 1A650212D623 - Instrumentation APB

Blement 6.41.12.12.1 - Electronic Warfare
Element 6.41.18 - Afr Mobility

Element 6.41, 18 06.1 - ACFT Support Fire Systems
Element 6.41.2 = Firepower other than MSL
Element 6.41. 30 - Surface Mobility

Project 1V02701A049

= - Project 1X579191D393 -+ CEV 70
: { Project 1C024401A329 - Research in Methods of Test and
Evaluation
Project 1C024401A109 - Corrosion Prevention & Specialty
Conp .

3 Relation to Other Research

(1) This project supports and is supported by the following 6.21
Applied Research Projects:

* Project 1V025001A129 - Environmental Research. This project
includes the updating and revision of AR 705-15, which includes estab-
lished environmental criteria.

Project 1V025001A130 - Cold Regions Resesrch. This project
includes military operational capabilities under extreme low tempsrature

31




———

and the evaluation, establishment, and definitirn of environmental cri-
teria.,

Project 4A025001A890 - Lunar Base Resesarch. This project in-
cludes basic eavirommental criterim typical of the extra-terrestrial
environmenat.

Project 24025001A724 - Studies of Extrems Regions. This
project includes evaluation and classificatfion of natural environmental
conditions in extreme vorld areas.

Project 1F121401A237 - Air Vehicle Research Handbook. This
project includes environmsntal design criteria with refasrence to air
vehicle operational capabilicies.

Project 1V021701A047 - Transportation Environmantal Studies,
This project includes natuyral environmental criteria wharein Army air-
craft are expectsd to operate.

Projeact 1M521801D264 - Automotive Components Develupmsnt,
This includes the operation of components undsr natural and induced
environments.

(2) Category 6.1l Rasearch. Any resesrch which leads to a better
undsrstanding of the natural and induced environmsnts wherein Army
personuel, equipment, and components must operate, provides valuable
input to this project. It is supported by basic environmental criteria
studiss under Project 240145018528, "Terrestrial Sciences Research,"
and Project 1LO13001A91A, "In-houre Laboratory Independent Research."
In addition, it is supported in part by Project 1VO14501BS3A, "Research
in Atwospheric Sciences." ,

Relation to Other Government and
Rational and/or Internstional Agencies

All resssrch conducted and sponsored by other agencies, both
service snd not service connected, oriented toward the solution of
probleme associated with operations of men and equipwent under extrems
natural and induced environmental conditions contributes to the suc-
cess of this prnject to the same extent that the Army's effort con-
tributes to theirs., The criteria developed is {ncorporated inm Mili-
tary Standards for use in Development of Military Equipment for the
overall Department of Dufense. An example is Dc) Project #MISC 0100,
vhich is distributed throughout Department of Defense for coordina-
tion., Another exsuple is the recent tri-service coordination of DoD
MIL-STD 810 on "Environmental Test Methode for Military Equipment,"
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In addition, our work is complimentary to, and we have mutual

interest in, the following national and international standardization
activities:

(1) Amsrican Standards Association Sectionsl Committes 284 on
“Environmental Glossary.”

(2) 1Institute of Environmental Sciences Standards Committee
Activities,

(5) Institute of Environmental Sciences Environmental Handbook
Committee Activities.

(4) American Society of Testing Materials various snvironmental
subcommittees.

(5) BSociety of Automotive Engineers Climatic Testing subcom-
mittees.

(6) International Standards Organization (I50) Environmental
Standardization Committees and Working Groups.

Active coordination exists presently between the Institute of
Environmental Sciences and the Department of the Army in connaction
with the preparation of the Army's proposed Environmental Handbook
Series, presently being coordinated through AMCRD-RE end the U. S.
Army Research Office-Durham (at Duke University).

Active cooperation also exists between the Army and the DoD
Shock and Vibration Information Center, to which the work on thie
project is contributory and of vital mutusl interest, -

Coordination also exists between other military departments and
government agencies, particularly the following:

Environmental Division, Directorate of Engineering Teest,
Alr Force Systems Command, Wright-Patterson AFB, Ohios

Quality Evaluation Laboratory, Buresau of Weapons,
Naval Ammunition Depot, Crane, Ind.

Coddard Space Flight Ccnter, National Aeronautica and
Space Administration, Greenbelt, Md.

Atomic Energy Commission's Sandia Corp., Sandia Base,
Albuquergue, N. M.

Aexospace Industries Association of America, Inc,,
Washington, D, C.
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Nationul Academy of Scimnces, Nstional Ressarch Council,
Washington, D, C. ' 3

U. 8, National Committee of the Intewnatfionsal Elsctro-
tschnfcal Comminsion, New York, N, Y,

- §
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. " The primary function of development and testing of Army materiel is to epsure
that material scheduled for worldwide use satisfies minimum operational, technical, and
safety requirements in all types of environments and troop operational employment. Ac~
cordingly, design and test criteria must provide factual bases for technical doctrine t
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so that better correlation of laboratory testing with field performance is made possibl

Fundamentally underlining this research approach is the concept that hardwere fail-+
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the constructive method of research wherein it is considered that an event is always
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haphazard but exhibit patterns that can be identified. The event is studied as & whﬂej
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then the operative factors are gradually sorted out by a series of increasingly precise
approximations. Overall relationships are maintained intgct, correctly placed in re-
latfionship with each other and held in contact, yet they are differentiated. The net
result is an “up-and-down™ picture of nature's environmental system and its effects on
steriel performance, leading to development of realistic environmental criteria and

simulation methods.
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